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My invention relates to ?owmeters for measuring the 
rate of ?ow of ?uid through a conduit and more partic 
ularly relates to magnetic induction ?owmeters of this 
general type. 
The operation of a magnetic-induction ?owmeter is 

based on Faraday’s law of induction. When an electri 
cally conductive ?uid is constrained to travel through a 
conduit or pipe oriented at right angles to a magnetic 
?eld and when a pair of electrodes are suitably attached 
to the pipe to make direct or indirect contact with the 
?uid, a voltage proportional to the instantaneous average 
velocity of the ?uid will be induced in the ?uid and will 
appear across the electrodes. This voltage, after suit 
able ampli?cation, is then supplied to a properly cali— 
brated voltmeter which indicates the rate of ?ow. 
When the magnetic ?eld is held constant and the ?uid 

column travels at a constant rate through the conduit, a 
constant voltage is induced which eventually causes elec 
trode polarization and renders the ?owmeter unusable. 
Non-polarizable electrodes are available but are cumber 
some and di?icult to use effectively. Consequently, po 
larization is generally avoided by employing an alter 
nating rather than a constant magnetic ?eld. 

However, when an alternating magnetic ?eld is used, 
an alternating voltage is induced in the ?uid which has 
a ?rst component in phase with the magnetic ?eld and 
proportional to the ?uid ?ow and which has a second 
component in quadrature with the magnetic ?eld that 
is induced in the ?uid because of the build-up and decay 
of the magnetic ?ux and is independent of the rate of 
?ow. Moreover, for ?uids of very high resistivity, the 
?ow itself generates a quadrature component when the 
?ux varies. 

Since these quadrature components adversely a?ect the 
accuracy of a ?owmeter, it is conventional to minimize 
the adverse effects by developing voltages equal in mag 
nitudes to these components but opposed in phase and 
‘then applying these voltages to the ?owmeter to oppose 
and cancel these components. 
As long as all voltages are sinusoidal with relatively 

constant amplitudes and are not subject to frequency 
variations, this cancellation technique is useful. How 
ever, the quadrature components are subject to consider 
able variations in amplitude. Moreover, ?owmeters are 
normally used in conjunction with other electrical de 
vices, and variable ground currents, irregularities in supply 
voltages and the like create transients which are not can 
cellable in this manner and seriously impair the accuracy 
of the ?owmeter. > . 

I have invented a magnetic induction ?owmeter which 
is rendered insensitive to transients of this kind and 
which does not respond to these quadrature components. 

Therefore, it is an object of the present invention to 
provide a new and improved ?owmeter of the character 
indicated. 

Another object is to provide a ?owmeter which only 
indicates ?uid ?ow at instants when its magnetic ?eld 
attains a constant value. A p > 
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A further object is to provide a ?owmeter which only 
indicates ?uid flow at instants when its magnetic ?eld 
attains its maximum or minimum value. 

Still another object is to provide a ?owmeter whose 
alternating magnetic ?eld takes the form of a periodic 
square wave. ' 

Yet a further object is to provide a ?owmeter whose 
magnetic ?eld is shock-excited from a direct voltage 
source. ~ 

These and other objects of the invention will either be 
explained or become apparent when this speci?cation is 
studied in conjunction with the accompanying drawings 
wherein: . 

Figure 1 illustrates the present invention in block form; 
and, . ‘ 

Figure 2 illustrates the present invention in partial 
schematic form. 

Brie?y stated, my invention contemplates a magnetic 
induction ?owmeter which includes a magnet provided 
with an excitation winding and a gap. A ?ow tube with 
spaced electrodes is oriented within the gap. The wind 
ing is excited with a periodic alternating voltage which, 
attains a constant value over an appreciable interval 
within each half cycle; during these intervals, the mag 
netic ?ux does not change appreciably and the ?ow sig 
nal appearing across the electrodes contains no quadrature. 
component. A conditionally responsive signal transfer 
device actuated only during these intervals is included in 
the system and is coupled at its input to the electrodes. 
The output of ‘the network is connected to an indicating 
meter which indicates the rate of flow. Consequently, 
the meter only indicates the rate of flow at intervals when 
the ?ow signal contains no quadrature‘components and 
the adverse eifects of these components are eliminated 
from the system. . , 

Referring now to ‘Figure l, a ?ow tube assembly is 
identi?ed generally at 1 and includes a magnet 2 provided 
with excitation winding 6 and a gap 3. A ?ow tube 4 
having spaced electrodes 5 is oriented within gap 3. . The 
electrodes 5 are connected to the input of a conditionally. 
responsive signal transfer: device 8, the output of device 
8 being fed through an ampli?er 10 to an indicating. 7 
device 11. A generator 7 supplies a periodic alternating 
excitation voltage to the Winding 6 of magnet 2. . 

Generator 7 can be a conventional sinusoidal oscil 
lator which produces a voltage of su?iciently large am 
plitude to saturate the magnet over an appreciable inter 
val of each half cycle. Alternatively, generator 7 can be 
a conventional function generator producing an excita 
tion voltage which remains substantially constant over 

. an appreciable interval of‘ each half cycle. Such a volt 
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age, for example, can have a wave form of a square wave. 
Thus the magnet is either saturated or excited by a con 
stant voltage during regularly spaced intervals; conse 
quently, no quadrature components can be introduced in 
the flow signal induced across electrodes 5 during‘ these 
intervals. . 7 ' ‘ 

Device 8 can be any conventional'electric structure 
such as an electronic switch or gate or relay which is 
characterized by a ?rst state in which signals appearing 
at the electrodes are passed through the network to the 
ampli?er and thence to the indicator and is character 
ized by a second state in which the signals are blocked. 
To insure that the network attains its respective states 

in accurate relation to the excitation conditions of the 
magnet, I control and synchronize device 8.with gen 
erator 7 by connecting the output of the generator through 
conductor 9 to the network. By this means, the excita 
tion voltage supplied to the excitation winding is also 
supplied as‘a control voltage to the device.“ The device 
is designed in a conventional manner to be actuated and 
attain ,thew?irst "state only vduring the regularly spaced 
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intervals previously referred to. For example, when the 
generator is or‘ ‘the sinusoidal type, the'exe'itation voltage 
must attain a certain minimum amplitude before satura 
tion occurs; in this situation, the device will be designed 
toat‘tain‘ the ‘?rsts'tate as soon" asith‘e' amplitude reaches 
this ‘value and‘ to return to ‘the second state-when the am 
plitude falls below this value. When the generator is‘ of 
the type that produces a square wave, the network will 
be designed to attain the ?rst ‘state as soon as the excita 
tion voltage attains its constant value and to return. to 
the second state when this voltage is changing. 

Figure 2‘ shows the invention shown in Figure l in more 
detail, the elements common to both ?gures being, identi 
?ed with like numbers. 
The generator '7‘ includes a ‘?rst oscillator 24' which 

generates a‘ ?rst sinusoidal voltage of given frequency, 
for example, 60 cycles per second. This voltage is then 
supplied to a conventional recti?er '20' which recti?es this 
voltage to produce,. at its output terminals, a direct volt 
age with polarity indicated. The positive and negative 
terminals are each connected to a pole of power relay 
21. The make and break contacts of.‘ this relay are- con-e 
nected‘in" the manner indicated to the excitation windihg 
of‘the ?ow tube assembly showni‘in block form '1. 
A second conventional oscillator ‘22' produces a second 

sinusoidal voltage of different frequency, ‘for example, '10 
cycles per second. The second voltage is supplied to the 
winding of relay 21. to switch the‘ relay between. its two 
positions at this frequency. The effect of this switching 
is to shock excite the winding of the magnet with direct 
voltage of‘ alternating polarity; it will be. apparent ‘that 
the effect on the magnet is that of square wave excitation. 
The oscillator 22 can be eliminated by using oscillator 

241 to switch. relay ‘2-1 at a '60' cycle frequency; the two 
oscillators are used to permit elimination of 60 cycle 
ground currents produced by other equipment by elfec 
tively functioning as a frequency changer which derives 
a 1'0' cycle square wave voltage ‘from a '60 cycle sinusoidal 
voltage. In this event it is necessary to insert conven 
tional ?ltering networks for passing the 10 cycle fre 
quency through the system while rejecting the '60 cycle 
frequency. The frequency o‘foscil'lator 22. is chosen to be 
sufficiently less than the {ground current frequency‘ to avoid 
interaction while remaining. su?'iciently above zero fre 
quency to avoid electrodepolari'zation 
The device 8’ comprises ‘a .gate relay connected in 

parallel with relay ‘2'1 and: synchronized therewith. ‘Due 
to this synchronizationy‘flow signals only ~be trans 
mitted through. ‘relay "23’ at intervals. when the magnetic 
flux isv constant and no quadrature components can be 
transmitted to ‘meter-1H1} For applications'in. which the 
relay switching transients are objectionable, conventional 
?ltering circuits can 'be connedtedlto each. relay contact. 
Alternatively, these transients can'be eliminatedby choos 
ing two different types of relays, so that the. .relaya2'1 will 
have a slightly faster contact switching speed- than relay 
23; i. e‘., relay '21 will switchffrom. one position to the 
other at a slightly faster speed than-relay 23'.v Since the 
nature of low frequency square wave operation of this 
kind is such that each relay remains at each extreme po 
sition for a much longer period than that required by the 
contact switching operation, both relays will remain syn 
chronized in position: switching frequency, even though 
relay 21 changes position-at a faster rate than relay 23. 
‘The slower rate of relay Z3‘ masks the switching transients 
developed in the How si-gnalelby the continual. polarity re 
versal of direct. voltage producedfby nieans-rofrelay v21. 

While I have described the invention for the preferred 
forms. shown, it will'be understood. that‘ modi?cations can 
‘be ‘made within the scope of the invention as de?ned in 
‘theclaims‘whiehtollpw. . ' 

islaimr . ' . V 

~l. ‘In combinatiomwith‘ a magnet provided‘with a gap 
and-"a conduitwith spaced electrodes orientedwithin ‘said 
gain, an electrical ‘generator producing an alternatingivdlt 
iagei'whichatta-ihs a‘constant value over a’ substantial in 
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terval of each half cycle; means coupling said voltage to 
said‘ magnet" to establish a‘magnetic ?eld acrosssaid gap; 
an electric device characterized by a ?rst electrical state 
in which a signal can pass unaltered through said device 
and a second and normal electrical state in which no 
signal can pass through said device, means coupling the 
input of said device to said electrodes; and means coupled 
between said generator anddI said device to maintain said 
device in said ?rst state-w-during: said intervals. 

2. The combination as set forth in claim 1 wherein said 
alternating'voltageis a square‘ wave; ' 

3. A magnetic induction ?‘owmet'er comprising a magnet 
provided. with an. excitation winding. and a- ,gap;. a ?ow 
tube with spaced electrodes oriented within said gap; at 
source of direct voltage; a two-position power relay whose 
contacts are interposed between the output of said source 
and the input of said Winding'in a connection in which 
said relay when in the ?rst position supplies said direct 
voltage‘ to ‘said winding with. one polarity and when‘ in 
saidsecond position‘ supplies." said direct voltage to said 
winding with opposed‘ polarity whereby said'winding is 
shock excited with direct voltage of alternating polarity; 
a ?ow indicatingtmechanism; atwo-position gate relay, the 
contacts or said‘ gate‘ relay‘ being interposed between ‘the 
electrodes and‘the input‘ to‘ said mechanism to establish 
a connection therebetween only when ‘the gate relay is in 
one ofiits two" positionsra'nd' means coupled‘ to the wind 
ings of ‘both relays to supply position changingw signals 
thereto; . . 

4". A ?owmerer as“ set forth in claim. 3 wherein said 
gatev relay has‘ ‘a characteristic‘ contact switching speed 
which isslightly'less than the characteristic contact switch 
ing speed of the p'ower'rel'ay; ' ' 1 

S‘. A magnetieinduction ?owm'eter comprising a mag 
nefp'rovided ‘with anexeitation. winding and‘ a gap; a flow 
tube with spaced electrodes“ oriented within‘ said gap; ?rst 
and‘ 's'ec'on d‘ ‘oscillators? for‘ generating‘ sinusoidal’ voltages 
having‘?rst‘ and‘ second‘ frequencies‘ respectively; recti?er 
means‘ coup‘l'edt‘o the output of“ said ?rst oscillator for 
deriving ‘a direct voltage therefrom; a two position power _ 
relay whose contacts‘ are'interpose‘d between the‘ output of 
said recti?er means and ‘the input ‘to said‘ winding in a 
connection inwhi‘ch said. relayv when in the ‘?rst position 
supplied said direct ‘voltage to said’ winding with one 
polarityandwhen in said second‘ position supplies said 
dire'ct‘vol'tag'e 't‘osa‘id winding with opposed polarity where 
by' sa'idwinding is shock excitedv with direct voltage of 
alternating polarity; a ‘flow indicating. mechanism; a two 
position gate relay, the contacts of said‘ gate relay being 
interposed ‘between the electrodes and’ the input to said 
mechanism to establish a connection therebetween only 
when the gate relay ‘is one of its two positions; and means 
coupling the windings to ‘both. relays to the output of‘ said 
second generator‘t'o switch said relays between their two 
positions at a rate equal to’ said; second frequency. 

' 6. A magnetic induction ?owmeter comprising a ?ow 
tube with spaced- electrodes, means establishing a mag 
netic ?eld having'a constant value for reference periods 
at‘sp'aced intervals across the flow tube'at said spaced 
electrodes, the ‘reference periods, having a duration suf 
?cient ‘to stabilize the magnetic '?eld, ‘indicator means, 
means connecting. the spaced electrodes ‘to said indicator 
means andicontrolled by saidma'gnetic ?eld establishing 
means ‘for effecting the- response of‘ said indicator means 
only during said‘ reference periods. a 

‘7. A magnetic ‘induction ?ow'mete'r comprising amagnet 
provided with a gap; a how tube with. ‘spaced’. electrodes 
oriented within said gap; an electrical generator produc~ 
‘ing a‘vo‘ltage ‘which ‘attains ‘a c‘o'nstant'valu'e for reference 
periods atregul‘arly ‘spaced intervals, means coupling said 
voltage. ‘to said magnet ‘to-establish aLmagn'etic?eld' across 
said‘ gap; each ‘of the'referenceper'r'ods'having a duration 
su?icient to stabilize the‘ magnetic ?eld across‘ the gap; 
a conditionally responsive- voltage transfer‘ device, means 
'coupling‘the'input of said‘ device ‘to ‘said electrodes; and 
means coupling said generator ‘to ‘said voltage‘ transfer 
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device for rendering said device responsive only during 
said reference periods. 

8. A magnetic induction ?owmeter comprising a mag 
net provided with a gap; a ?ow tube with spaced elec 
trodes oriented within said gap; an electrical generator 
producing a voltage which attains a constant value for 
reference periods at regularly spaced intervals, means 
coupling said voltage to said magnet to establish a mag 
netic ?eld across said gap, each of the reference periods 
having a duration su?icient to stabilize the magnetic ?eld 
across the gap; a normally inoperative voltage transfer 
network, means coupling the input of said network to 
said electrodes; and synchronizing means coupled between 
said generator and said network to render said network 
operative only during said reference periods. 

9. A magnetic induction ?owmeter comprising a magnet 
provided with a gap; a flow tube with spaced electrodes 
oriented within said gap; an electrical generator coupled 
to said magnet and supplying an alternating excitation 
voltage thereto producing saturation of said magnet over 
a substantial interval of each half cycle; a meter for in 
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6 
dieating rate of ?ow; conditionally responsive signal trans 
fer means coupled between said electrodes and said meter 
to transfer signals appearing at said electrodes upon being 
rendered responsive; and means coupling said generator 
to said transfer means to render the transfer means re~ 
sponsive only during said saturation intervals. 
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